When culturing human umbilical vein endothelial cells in a culture medium containing 4% human serum albumin, it was possible to maintain the epithelioid morphology and function for several months without subculturing. 
Introduction
The half-life of blood monocytes produced in the bone marrow is believed to be about 17 hours, and these monocytes migrate outside vessels and then differentiate into macrophages, osteoclasts, and other phagocytes. Monocytes migrate outside vessels via interactions such as endothelial adhesion. Mo/Φ and endothelial cells share many similarities in terms of function and antigenicity: 1) specific phagocytosis of denatured LDL, 2) non-specific phagocytosis [1, 2, 3] , 3) expression of blood coagulation tissue factors [4, 5] , 4) expression of the MHC Class II molecule [6, 7] , and 5) expression of ulex europaeus lectin-1 [8, 9] . Moreover, because both endothelial and blood cells differentiate from the blood island originating from the mesoderm during the prenatal period, they are thought to be related cells. 2 In recent years, studies have documented that peripheral mononuclear cells contain a subset of vascular endothelial progenitor cells, and that these contribute to neovascularization by becoming embedded in an endothelial cell sheet [10, 11] . Moreover, in vitro experiments demonstrated that human peripheral blood monocytes have the potential to express specific endothelial antigen under growth factor stimulation [12] .
When aortic endothelial cells are cultured for a long period, monocyte and macrophage-like cells appear on a cultured endothelial cell sheet, and they themselves multiply [13] . We have confirmed this by culturing umbilical vein endothelial cells for a long period. This phenomenon can be explained as follows: monocytes and macrophages that strongly adhere to endothelial cells begin to multiply when co-cultured with endothelial cells. However, we have found that macrophage-like cells do not appear locally, but they continue to multiply over time in a dispersive manner from a single-layer cobblestone-like endothelial cell sheet. Therefore, it appears reasonable to assume that the phenomenon is due to the conversion of endothelial-like cells into macrophage-like cells.
Taking into account the above results, the following hypothesis could be human albumin (Mitsubishi Wellpharma, 25% blood albumin), 5 g/mL insulin (Sigma), 100 ng/mL cortisol (Sigma), 100 U/mL penicillin (Sigma), 0.1 mg/mL streptomycin (Sigma), and 2.5 g/mL amphotericin B (Sigma) were added, and 1M NaOH was used to adjust the pH to 7.4±0.05. For endothelial cell culture, 20% FBS (Sigma) was also added.
Monocyte culture solution: To M-199, 5 g/mL insulin, 100 ng/mL cortisol, 100 U/mL penicillin, 0.1 mg/mL streptomycin, 2.5 g/mL amphotericin B, and 20% FBS were added.
Dish coating: For endothelial cell culture, dishes coated with type IV collagen were used. Type IV collagen (Nitta Gelatin Cellmatrix type IV) was diluted ten-fold using 10 -3 M HCl, and about 0.1 mL/cm 2 of the diluted solution was placed in each 35-mm plastic dish, 60-mm plastic dish, and 24-well tissue culture plate. Dishes and plates were left to stand at room temperature for about 1 hour. The collagen solution was aspirated, and the dishes and plates were then washed three times using PBS containing Ca 2+ and Mg 2+ (PBS+, Sigma). However, Mo /Φ were cultured using uncoated dishes.
Collection and culture of human umbilical vein endothelial cells
A cannula was inserted into each end of a human umbilical vein, and, after fixing both ends, Ca 2+ and Mg 2+ -free PBS (PBS−, Sigma) was used to perfuse the vein to remove as much blood as possible. The vein was then filled with PBS−, and after about 3 hours of incubation at 37˚C, the vein was filled with 4 PBS− containing 0.5 mg/mL (final concentration) of trypsin and 0.2 mg/mL of EDTA and incubated for 20 minutes. The PBS solution containing endothelial cells from the vein was then washed into a test tube using M-199. The test tube was centrifuged at 1000 rpm for 10 minutes, and after discarding the supernatant, the precipitate was obtained. After suspending the precipitate in M-199 and centrifuging the resulting solution, the precipitate was dispersed in the endothelial cell culture solution and cultured in a type IV collagen-coated dish. The culture solution was exchanged every few days.
Subculturing of endothelial cells
Primary cultured endothelial cells were washed three times using PBS− and incubated for 1-2 hours at 37˚C with 0.1 mL/cm 2 of PBS−. Next, PBS− containing 0.5 mg/mL (final concentration) of trypsin and 0.2 mg/mL EDTA was added. After microscopically confirming that the cells were detached, FBS was used to inactivate trypsin, and M-199 was added to recover suspended cells. After centrifugation, the cells were dispersed in the endothelial cell culture medium and incubated using a type IV collagen-coated 24-well tissue culture plate.
Human peripheral blood monocyte isolation and culture
Human peripheral blood samples were obtained from normal volunteers in their 20's to 50's using heparinized syringes and the mononuclear cell fraction was collected using Histopaque-1077 (Sigma). The resulting mononuclear cells were washed and centrifuged twice using PBS−, dispersed in the monocyte culture solution, and placed in a dish. After 72 hours, cells that had not adhered to the dishes were washed and removed using PBS+. The adherent monocytes continued to be cultured. At about 10 to 14 days after the start of incubation, fluorescent beads were added to the culture medium, and cells were incubated for about 3 hours so that they could engulf beads. More than 95% of the adherent Mo/Φ cultured for 10-14 days engulfed at least 3 to 4 beads. Furthermore, we confirmed that almost all adherent cells expressed CD68 and MHC Class II molecules. 
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The culture supernatant of confluent endothelial cells or endothelial cells co-cultured with Mo/Φ was recovered and filtered using a 0.2 m membrane filter. Mo/Φ were cultured using the filtered conditioned medium for about 3 weeks, but the morphology of Mo/Φ did not change.
Discussion
When cultured using growth stimulators such as VEGF and FGF, endothelial cells multiply, and after reaching confluency, growth transiently stops due to contact inhibition. However, after a certain period of time, cells that morphologically resemble macrophages, so-called sprouting cells, appear.
Moreover, endothelial cells overlap and begin to grow on top of each other, thus losing the epithelioid morphology of endothelial cells [13, 14] . Furthermore, in our experiments, when growth factors were added, endothelial cells resembled phagocytic cells in their engulfing of 1-m latex beads and labeling with phagocyte-labeling dyes such as PKH26 (data not shown). In the present study, it was necessary to maintain the epithelioid morphology of endothelial cells for a long period of time and avoid inducing non-specific phagocytosis.
Therefore, techniques to culture endothelial cells in the absence of growth factors were investigated. The results showed that this could be achieved by adding albumin (final concentration: 4%) to a culture medium.
Using a culture medium with albumin, endothelial cells reached confluency without growth factors. After reaching confluency, macrophage-like cells rarely appeared, and cell stratification barely occurred. This monolayer morphology was maintained for a few months, and the cells absorbed acetylated LDL, expressed vWF, and rarely acquired non-specific phagocytosis, thus suggesting that cultured endothelial cells maintained their morphology and function. Furthermore, even when these cultured endothelial cells were subcultured several times, cell growth was maintained, cellular conditions were stable, and the monolayer morphology was maintained. and IGF. However, monocyte-and macrophage-specific antigens were also expressed, and as a result, it is difficult to assume that these mononuclear cells differentiated into endothelial cells [12, 19, 20] . In the study of Walenta et al., monocytes collected from human peripheral blood were cultured without sorting, and endothelial cell antigen expression was confirmed. However, only a few percent expressed endothelial cell antigens after 10 days [18] .
In the present study, Mo/Φ were labeled and then co-cultured with endothelial cells, and at 7 days after culturing, ≥50% of Mo/ Φ had morphologically changed into endothelial-like cells and expressed endothelial cell antigens and monocyte-and macrophage-specific antigens disappeared.
Our experimental system is based on co-culturing with endothelial cells. 
